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Pocket size nuclear reactors?

Athena Sagadevan
Safeguards Science and Technology, NEN-1 
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My Story 
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Education

• Primary and secondary school in Malaysia 
− Science track 
− Physics, radioactive decay 

• B.S, M.S in Nuclear Engineering and Radiological Sciences 14’ & 16’ from 
University of Michigan 

• PhD in Nuclear Engineering in 2020 from Texas A&M University
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Education

• Primary and secondary school in Malaysia 
− Science track 
− Physics, radioactive decay 

• B.S, M.S in Nuclear Engineering and Radiological Sciences 14’ & 16’ from 
University of Michigan 

• PhD in Nuclear Engineering in 2020 from Texas A&M University
• Postdoc in NEN-1 
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My Work 

• Safeguarding nuclear technology
− Nuclear microreactors 
− Spent nuclear fuel characterization 

• Neutron detector development 
• Learning and assisting in various training courses
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Nuclear Reactors 

1. 440 reactors worldwide
2. 94 in USA (20% of energy generation)
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But, how does it work? 

Source” https://en.wikipedia.org/wiki/Pressurized_water_reactor
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Disadvantages of regular reactors 

1.Very large, provide lots of uninterrupted power
2.Expensive
3.Needs lots of people 
4.Long construction time  
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When things go wrong . . .

We need power, 
and we need in 
now! 
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Source: https://www.youtube.com/watch?v=RPI8G6COc8g
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Microreactors

• So small, they can fit on a 
truck! 

• Be assembled on site and 
ready to provide power 

Presenter
Presentation Notes
Faster, cheaper, and more efficient production. With the smaller reactor size, the entire reactor could be factory-assembled under controlled environmental conditions with quality control procedures. Complete assembly in the factory could increase the production rate of the reactor components, create cost efficiencies through greater economies of scale, and reduce the time needed for installation in the field. The turbines, generators, and other associated parts could also be manufactured in a factory as modular units and added on-site.
Rapid deployment to natural disaster areas. Having another option for restoring power quickly following natural disasters would support faster restoration of critical services such as hospitals, communications, and the water supply to the local community.
Greater resiliency. Being able to quickly transport and deploy alternate sources of power generation, in conjunction with microgrids, to isolated military bases, rural communities, and remote businesses may allow such communities to operate more independently, especially at difficult times such as during the rapid establishment of military operations or after a severe weather event has damaged power transmission lines.
Safer operation. Some designs allow for the use of passive safety systems and operation without refueling for 10 years or more, which may reduce the likelihood of accidents.
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Some challenges 

• Its out in the middle of nowhere …… 
• What if it gets stolen? Oh no! 

• Propose nuclear safeguards! This is what I am working on.

• Can we check if the reactor is still there? 
• If it is, can we confirm the fuel is all fine? 
• What detectors should we use, how many, where? 

• Here are some things we considered… 
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Muon radiography

• Muon radiography measures 
density (NM has high density)

• Estimate a ~$1-1.5m tracker 

• 3D image of the interior –
10cm resolution

• 2 week measurement

Muon radiography measurement and result
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Gamma radiography

• 15 MeV X-ray generator

• High dose – safety issue

• Challenge: Imaging detector ‘film’ location

• ~$5m cost

• Better than 1cm resolution

• ~4 hour measurement

Linatron 15 MeV x-ray generator
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Neutron interrogation

• 14 MeV neutron generator

• Neutrons interact in low Z materials –
not image fuel

• Instead, induce fission and measure 
emissions

• Questions of efficiency, detector 
placement, dose, resolution

Phoenix high yield D-T neutron 
generator
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Conclusion

• Science can solve problems! 
• Nuclear microreactors have a bright future
• You can do this too! 

Dr. Athena Sagadevan
athenaas@lanl.gov 
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